The complex formation equilibria in tin(II) -hippuric acid (Hhip) solutions were investigated by Potentiometrie glass electrode measurements in 1.0 mol/L NaCl ionic medium at 298 K. Non-linear least-squares analysis of the obtained results indicate that in the concentration range of tin(II) between 0.5 and 2.5 mmol/L and concentration patios rhipltot/[Sn n ] to t between 1:1 and 10:1 and 1.5 < -log h < 3.0, the complexes Sn(hip) and SnfOHjhip are formed with the overall stability constants 4.53 ± 0.03 and 1.20 ± 0.10 respectively. The hydrolytic precipitate, Sn(OH)hip, formed in the pH interval 5.0-6.0, was isolated from the solution and characterized by elemental analysis, scanning electron microscopy, thermogravimetry, X-ray powder diffraction and i.r. spectroscopy.
Introduction
o-Iodhippuric acid labeled with isotope I has been used in nuclear medicine for the diagnosis of the urinary tract diseases. However, the I-hippuran has a disadvantage of imparting a relatively high radiation doses to the patient even at low diagnostic level. It also contains varying amounts of free radio-iodine causing inaccurate assessment of the function [1, 2] . Technetium-99m has favorable properties for use in nuclear medicine so that, so far, many Tc-99m agents have been reported for use in renal imaging studies [3] . Since no one can completely replace hippuran we attempted to label the Tc -hippuric acid complex itself with Tc-99m. Labeling was performed by the stanno-chloriae method involving the reduction of m Tc04 by stannous chloride in the presence of the hippuric acid. Our earlier study [4] has shown that Sn(II) forms a hydroxy hippurate precipitate at pH values higher than 3.5. The labeled component can be separated from hyarolysate and pertechnetate by TLC chromatography using acetonitrile -water solutions. The labeling yield was however low. One reason may be the complexation of tin(II) with hippurate at nigh concentration ratio of hippurate to tin(II) as used in the labeling procedure. Therefore, the aim of the present study was to characterize the complex formation between tin(II) and hippuric acid (Hhip) in order to optimize the yield of m Tc-labelled hippuric acid.
Experimental

Reagents and analysis
All reagents used, SnC^ χ 2 H2O, hippuric acid, NaOH, HCl, were of highest available purity grade, p.a. Merck and were used without further purification. The stock solution of hippuric acid was prepared by dissolving a weighted amount of pure acid in doubly distilled water. The stock solution of tin(II)-chloride was made by dissolving the pure salt in diluted (1:1) HCl in the presence of metal tin pellets. After two days pellets were removed and the solution was filtered through a membrane filter. The tin content was determined gravimetrically by precipitation with ammonia. The concentration of free acid in the stock solution of tin(II)-chloride was determined by a Gran titration with standard NaOH.
Apparatus
For the Potentiometrie measurements a Radiometer (Copenhagen, Denmark) DTS-800 multititration system (resolution: ± 0.1 mV or ± 0.0Ö1 pH unit) equipped with a Radiometer G2040 glass and K4040 calomel electrode, was used. The electrochemical cell was immersed in a paraffin oil thermostat. The temperature was maintained to (298 ± 0.1) K. X-ray powder diffraction measurements were made with a Philips PW 1010 diffractometer (CuK a radiation) and experimental conditions 34 keV, 20 mA, 1750 V, scanning rate 0.5 /min. TG analysis was performed with a Perkin Elmer thermogravimetric balance model TGS-2. Scanning electron microscopy photographs were obtained with a JOEL model JSM 35 C microscope. Infrared spectra were recorded by the KBr technique using a Perkin Elmer model 137 i.r. spectrophotometer.
Procedure
The total volume of 25 mL of the test solution containing tin(II) ions and hippuric acid in various proportions, was titrated in the electrochemical cell, either with standard NaOH or sodium-nippurate under argon atmosphere. Both titrants were prepared in 1 mol/L NaCl ionic medium. Initial total concentrations of tin(II) were 0.5, 1.0. 2.0 and 2.5 mmol/L while these of hippuric acid were 1.0, 2.0 and 5.0 mmol/L. Thus covered concentration ratios of tin to hippuric acid were 1:1, 1:3, 1:5 and 1:10. Any particular titration was made in duplicate. Allowed equilibration time for each point in the titration was 2 min. If the stable potential reading could have not been achieved within this time interval the point was omitted from the calculation. Titrations were made in the pH interval from 1.0 to 3.7.
The tin(II)-hippuric acid complex was prepared in the following way: 15 solutions containing 1.0 mmol tin(II) and 10.0 mmol hippuric acid at pH = 1.0 in total volume 10.0 mL were prepared. Precautions were taken to avoid the exposure of the solutions to atmospheric oxygen. To each solution varying amounts of solid NaHCC>3 were added. Solutions were vigorously stirred for one hour and heated to 310 K. The pH of each solution was measured one hour after the solutions were cooled to room temperature. The interval of pH values of the test solutions was between 1.8 and 5.0. No formation of precipitate was observed up to pH 3.2. At higher pH values a precipitate formed in all solutions. Precipitates were filtered off, washed with cold water, etnanol and ether and dried in vacuum. Since no higher pH values than 5.0 could be achieved with bicarbonate additional 10 solutions of tin(Tl) + hippuric acid were made and to each solution a varying volumes of 1 mol/L NaOH was added taking all precautions to avoid the contact of the solutions with atmospheric oxygen. Immediate formation of precipitate took place in all solutions. The pH of the suspensions was in the interval 5.5 -8.0. The precipitates were treated in the same way as those obtained by bicarbonate. Elemental analysis of the precipitates gave reproducible results only for precipitates obtained in the pH interval 5.0 -5.0. For the precipitate obtained at pH = 5.50 elemental analysis gave Sn 36.1%, C 29.8%, Ν 3.8%, Η J.4% (calculated for Sn(OH)hip χ Η,Ο, Sn 35.8%, C 32.6%, Ν 4.2%, Η 3.3%). No chloride was detected for these specimens. The precipitates were further characterized by SEM photographs, X-ray powder diffraction, i.r. spectroscopy and TG analysis.
Data treatment
Three kind of equilibria should be considered in tin(II) -hippuric acid complex formation: (a) dissociation of hippuric acid, (b) hydrolysis of tin (II) 
where E° denotes a constant which includes standard potential of the glass electrode, Q is the slope of ihe glass electrode response and Ej is the liquid junction potential. The parameters Ε , Q and Ej were determined in accordance with a published procedure [5J.
The protonation constant of the hippuric acid anion was determined from Potentiometrie titrations of 1.0 and 2.5 mmol/L solutions of hippuric acid in 1.0 mol/L NaCl medium at 298 Κ with standard NaOH, using the equation: where a is the titration parameter and Jhipl tot , the total concentration of hippuric acid. The average value was, logK/, a = 3.40 ± 0.05.The hydrolysis of tin(II) was accounted for on the basis of our previous work [41. The stability constants of the hydrolytic complexes were Sn(OH) , log β, .,,ο = -2.45 ± 0.03 and Sn4(OH) 6 , log β 4 ,. 6 , 0 = -6.70 ± 0.06. The mathematical analysis of the Potentiometrie complexation data was performed with the aid of general least-squares program Superquad [6] , In Superquad calculations the identity and stability of complexes which give the best Tit to the experimental data were determined by minimizing the error-squares sum of the potentials, U:
where w, represents a statistical weight assigned to each point of titration curve, E 0 b s and Εcicd refer to the measured potential of the cell and the calculated one assuming the specific model and trial constants, respectively. The best model was chosen using these criteria: (a) the lowest value of U, (b) standard deviation in calculated stability constants less than 0.15 log units, (c) standard deviations in potential residuals, defined as:
where e is a vector in potential residuals {E"b s -Eraic), w is a weighting matrix, m is the number of observations and η is the number of refinable parameters, with standard deviation in volume readings 0.0005 cm and standard deviation in potential readings 0.1 mV, should be less than 3.0. (d) goodness of fit statistics, χ (Pearson's test) at 95% confidence level, with 6 degree of freedom, less than 12.6 and (e) reasonably random scatter of potential residuals without any significant systematic trends. Along with Superquad, the program Best [7] was also used in calculations. The data of Potentiometrie measurements are presented as the dependence of average ligand number of tin, defined as:
Results and Discussion
ZS "= CSn
where Cχ stands for total concentration of corresponding species, Η is the total concentration of hydrogen ion and Z H is a average proton number of hippurate, on ρ [hip] (Fig. 1) . The free concentration of hippurate was calculated using the formula:
[hip] = (1 -a)[hip]lol-h
From Fig. 1 one can see that formation of the mononuclear complexes in the solutions of tin(II) and hippuric acid is dominant. Superquad calculations of the data indicates that at 1:1 concentration ratio of hippurate to tin(II) only hydrolytic complexes of tin are formed. At concentration ration 3:1 up to 10:1 the best fit of the experimental data was achieved with the speciation scheme involving mononuclear binary complex Sn(hip) + and mixed mononuclear complex, Sn(OH)hip with a stability constant log βι,ο,ι =4.51 ± 0.03 and log βι,-ι,ο = 1.29 ± 0.12, respectively. Calculated statistical parameters of the fit, χ = 10.08 and s = 2.45 indicate fairly good modeling of the system. The distribution of the species is shown in Fig. 2 .
At 5:1 and higher concentration ratios of hippurate to tin the formation of pure hydrolytic tetramer is suppressed so that only Sn(OH) appears in the speciation scheme. The complex Sn(hip) + dominates at pH around 2 and increasing the pH its concentration decreases. A mhydrolytic complex forms in parallel with the binary one and its concentration sharply increase with increase of pH.
We failed to isolate the binary complex Sn(hip)Cl from the solution. Whenever the pH of the solution begun to increase a hydrolytic precipitate formed. Therefore, we isolated the hydrolytic precipitates from the solution in the pH interval 3.5 to 6.0. These precipitates form immediately upon addition of an equivalent quantity of base to the solution and vary in appearance depending on the pH at which they were formed. Elemental analysis of the precipitates obtained in the pH interval 5.0-6.0, was consistent with the formula Sn(OH)hip.
Scanning electron microscope photographs of some of these precipitates, at pH 5.0 and pH 5.5 are shown in Fig. 3 . For comparison purposes a picture of pure stannous hydroxide is also shown. It is seen from the photos that the nprecipitates are crystalline accompanied with some amorphous material. At lower pH values the quantity of crystalline material is higher. The crystals were collected and further analyzed by thermogravimetry, ir spectroscopy and Xray powder diffraction measurements. Thermograms of stannous hydroxide, hippuric acid and precipitate obtained at pH 5.5 is shown in Fig. 4 . The mass loss for the Sn(OH)2 corresponds to its dehydration to SnO. The mass loss for hippuric acid shows two processes: one ill defined up to 100°C corresponding to water loss and the other one in the temperature interval 240-310°C which corresponds to decarboxylation. In the temperature interval up to 100°C a sharp transition occur upon heating the complex, and this process can be ascribed to a loss of strongly bound water. Upon increasing the temperature another sharp transition occurs which corresponds to decomposition of coordinated hippurate.
Ir spectra, shown in Fig.5 reveal that the spectrum of the tin(II)-hippurate comple^ differs very much from that of pure hippuric acid. Also, the broad band seen at 600 cm" , which arises from the Sn -Ο vibration in stannous hydroxide, disappears in the spectrum of the complex. The region of carboxylate vibrations (3000 -3550, 1650 -1680, 970 cm" ) indicates coordination of the carboxylate group of hippurate to tin. Broadening of the band at 3500 cm" is indicative of hydrogen bond formation.
X-ray powder diffraction data (Table 1) show that in the precipitate obtained at pH 5.5 two phases are present. From SEM data one may conclude that along with a crystalline phase some single amorphous phase is also present. The crystalline phase is a tetragonal one and may be ascribed to the Sn(OH)hip complex while the amorphous one represents perhaps, some transient hydrolytic oligomer. We were not able to identify this phase. From the data presented one may conclude that tin(II) and hippuric acid at high concentration ratios of hippurate to tin(II) readily form binary mononuclear complex which, upon increasing the pH of the medium from 3.0 to 6.0, hydrolyses and forms mixed mononuclear complex Sn(OH)hip. As evidenced form the distribution diagram (Fig. 2) These equilibria seems to be more probable than those with tin(II) aqua ion. Pronounced hydrolysis of tin(II) makes the Sn(OH) + hydrolytic species the reactive one in aqueous solutions [8] , Thus, the above stated equilibria account for a parallel formation of all three dominating species in tin(II) -hippuric acid solutions. The structure of the Sn(hip) complex, judging by the value of its formation constant and i.r. spectrum of Sn(OH)hip species, should be similar to that of acetato -tin(II) complex (log βι = 3.30) [9] .This means that hippurate is coordinated to tin through the carboxyl oxygen only.
The mixed complex precipitates from the solution with at least one molecule of crystalline water. Some hydrolytic oligomer(s) always accompany the precipitation of this complex. In order to minimize the complexation of tin(II) with hippurate in the labeling E rocedure, the pH of the solution should be kept bellow 5.0 with the concentration of ippurate as high as solubility allows.
